Internationally recognized research findings on the potential health benefits of preventing micronutrient deficiencies-especially reduced child mortality from vitamin A deficiency and prevention of in utero developmental damage and mental retardation from iodine deficiency-have contributed to raising the awareness of deficiencies and the commitment of many governments to their reduction or near-elimination. The procedures undertaken to decide on large-scale programs followed conventional patterns in the 12 countries included in this study (11 Asian countries plus South Africa). Thus, a sequence of national surveys, institutional arrangements through intersectoral technical committees, legislation, incorporation of programs into national plans, and resource mobilization, including external assistance, was similar for all three micronutrients. Vitamin A supplementation twice yearly to children, then to women postpartum, has reached the national level. Iodized salt is universally adopted at the national level in most countries, with a need for continuing efforts to reach underserved populations and to implement legislation and quality control. Iron programs, usually aiming at daily supplementation during pregnancy, have been pursued, but with less intensity. However, it is clear that these procedures have succeeded in creating a rapid expansion of large-scale deficiency-control programs, which while evolving are generally being maintained.
Introduction
In the last decade, the governments of most developing nations responded to the declared goals of the 1990 World Summit for Children [1] by making a commitment to major reductions in micronutrient deficiencies by the year 2000-especially in vitamin A and iodine deficiencies, for which "virtual" elimination was the aim; smaller but substantial reductions in iron deficiency were also agreed upon. In an effort to meet the commitment, the years following the summit saw increased commitment to preparation and implementation of micronutrient-deficiency control measures in developing countries. By the early 1990s, micronutrient deficiencies had become a priority health concern for many governments, leading to large-scale micronutrient-deficiency control programs. By 2001, nearly onethird of developing countries reporting (28 of 73) had adopted policies for the control of all three deficiencies [2] . Among the 12 project countries (Bangladesh, Cambodia, China, India, Indonesia, Laos, Myanmar, Philippines, South Africa, Sri Lanka, Thailand, and Vietnam), almost all had, by 2001, adopted national policies and implemented national programs to address deficiencies in all three micronutrients (the exceptions were China, Thailand, and India). South Africa and Sri Lanka had policies to address all three micronutrients but Sri Lanka had not yet implemented the vitamin Asupplementation program, and South Africa had not yet implemented the vitamin A-supplementation or the iron-supplementation program for children.
Across countries and for each of the micronutrients, some common processes led to the adoption of these national programs. Many countries, for example, launched national surveys to document the extent of the deficiencies prior to adopting a national program, requiring institutional arrangement (such as intersec-toral technical committees), and so on. This paper assesses the approaches undertaken, considering which aspects were important in leading to decisions and commitments on programs. Initial strategies and their evolution are then included. The primary source material is the country case studies. Summaries of the case studies are given on pages 79-88 of this issue. The complete texts of the case studies are available at www.inffoundation.org.
Vitamin A Steps leading to decisions on programs
Experience across project countries suggests that adoption of programs for the control of vitamin A deficiency was stimulated by increased awareness of internationally available data showing a strong association between vitamin A deficiency and mortality. The process leading to decisions for a vitamin A program often included many of the following steps: national surveys documenting the extent of vitamin A deficiency, national workshops on vitamin A deficiency, establishment of technical committees for the control of vitamin A deficiency, and the assistance of bilateral and international agencies, often through nongovernmental organizations (table 1 ). An outline of the sequence of events for program initiation can be found in table 2.
National survey
National surveys were an important first step in leading to the decision to adopt national vitamin A programs. Those surveys launched prior to the mid-1990s tended to collect data on night-blindness and provide estimates of clinical vitamin A deficiency among children under five years of age (e.g., Bangladesh, Philippines, Vietnam). More recent surveys that have been launched have tended to collect data on serum retinol in addition to data on clinical indicators of vitamin A deficiency (e.g., Bangladesh, Laos, South Africa, Sri Lanka). The national surveys established the extent of the vitamin A deficiency problem in the countries, and the results were linked to international data documenting the public health consequences of vitamin A deficiency. Documentation of the problem helped to heighten the action mobilized for controlling vitamin A deficiency at the national level. Survey data available on clinical and subclinical vitamin A deficiency are listed in tables 3 and 4, respectively.
National workshops on vitamin A deficiency
The convening of national workshops on vitamin A deficiency (e.g., Cambodia, Vietnam) allowed collaborating organizations and government representatives working in the country to become aware of and suggest actions to address the problem at the national level. In certain cases, national workshops have helped to develop proper justification and to consolidate action in support of a vitamin A deficiency initiative. In Vietnam, for example, the convening of a national workshop facilitated commitment to the vitamin A-deficiency control project at all levels of the government [4] . Results are available at http://www.tulane.edu/~internut/Countries/countrypage.htm [3] . Blank cells indicate that no information was reported. b. Survey was conducted at a subnational level. Source: refs. 4-6, 15, 16, 19, 23-25, 28; 
Establishment of technical committees
In some cases, national technical committees and/or intersectoral working groups were established to develop country-specific policy and program guidelines. In Myanmar, the technical committee had the responsibility for making the decision to institutionalize the vitamin A-supplementation program at the national level.*
External assistance
Resource mobilization, alliance building (within countries as well as with international agencies), and external assistance played a critical role in the initiation of vitamin A programs. Across countries, vitamin A capsules were usually provided by the Canadian International Development Agency and the Micronutrient Initiative, and additional financial and logistic support to the program was provided by international agencies such as Helen Keller International and UNICEF.
Strategic approaches Supplementation
The strategy adopted for the control of vitamin A deficiency was, for nearly all project countries (though adopted at widely varying times across countries), universal vitamin A supplementation, initially targeting children under five and later (mid-1990s to 2000) also targeting postpartum women shortly after delivery (within two to eight weeks). The World Health Organization recommended distribution of one 200,000 IU vitamin A capsule to children aged 12 to 59 months every 4 to 6 months. The dose recommended in most project countries was one 200,000 IU capsule two times per year to children one to five years of age.
Vietnam and Sri Lanka recommend slightly different dosing: Vietnam targeted children aged six months to three years with one 200,000 IU vitamin A capsule twice per year [4] , and Sri Lanka had adopted a dosing schedule consisting of one 100,000 IU capsule given to the child at 9 months, 18 months, and years 1, 4, and 7 [5] .
Countries not adopting vitamin A supplementation as a national policy for the control of vitamin A deficiency were Thailand and China. Neither of these countries had a national vitamin A program, although Thailand had efforts under way to fortify multiple products with vitamin A (table 5). However, in both countries, substantial improvements in general malnutrition have been seen. Signs of clinical deficiencies, however, were not reported from sample surveys (e.g., of preschool children in rural areas of Thailand).
Although both Sri Lanka and South Africa have adopted a policy of vitamin A supplementation to children, neither of these countries has yet implemented a national program. In the case of Sri Lanka, the delay in program implementation is due to an inadequate supply of vitamin A capsules (C. Piyasena, personal communication, 2001) . In South Africa, the cost of 200,000 IU capsules was, until August 2001, too high to permit wide-scale program implementation [6] . The alternative of using 100,000 IU capsules for supplementation was not possible either, since the 100,000 IU dose was not yet registered by the South African Medicines Control Council. Without authorization of the South African Medicines Control Council, drugs could not be bought, imported, or accepted as a donation in the country, thus preventing implementation of universal vitamin A supplementation in the country.
Food-based
Most countries that have adopted a vitamin A-supplementation program have regarded supplementation as a short-term solution to vitamin A deficiency. Across countries, there is recognition of the need for diversified approaches and a longer-term, sustainable strategy for the control of vitamin A deficiency. Table 5 indicates the different strategic approaches implemented by countries. Efficacy trials of fortification and diet modification for the control of vitamin A deficiency have been conducted in some project countries. Most of these trials were conducted in Bangladesh, Indonesia, and the Philippines in the late 1980s to the early 1990s [7] . The results from the fortification trials generally showed an improvement in biochemical and clinical indicators of vitamin A deficiency among the experimental groups [8, 9] . The results of diet-modification trials were somewhat weaker and varied among studies [10] [11] [12] .
More recently, a study in China was conducted to assess whether plant carotenoids could sufficiently sustain or improve vitamin A status during vitamin A-deficient seasons. The study results showed that green and yellow vegetables could provide adequate vitamin A nutrition for kindergarten-aged children and, if eaten in sufficient amounts, could protect them from becoming vitamin A-deficient during high-risk seasons [13] . In contrast, in a controlled trial in Indonesia, de Pee et al. [14] showed that the intake of dark-green leafy vegetables had little impact on vitamin A status among lactating women.
In addition to distribution of vitamin A capsules, most national vitamin A programs have included complementary community-based strategies oriented toward diet modification. Information, education, and communication (IEC) and social mobilization activities in Vietnam consist of education provided through various channels of the mass media and regular micronutrient training for program staff [4] . An implementation network for these activities has been established from commune localities to central levels and involves the active participation of mass organizations such as women's groups and education departments. In Bangladesh, complementary strategies for controlling vitamin A deficiency include IEC activities to encourage increased consumption and production of fruits and vegetables rich in carotene. Homestead gardening is promoted in all levels of educational institutions, and the benefits of producing micronutrient-rich fruits and vegetables are emphasized [15] . IEC activities and nutrition education for improved breastfeeding and infant-feeding practices have been pursued in several countries, including Laos and Vietnam [4, 16] . Thailand has successfully used social marketing methods to promote vitamin A-rich foods.
Vitamin A food-fortification activities vary across project countries. Active efforts for fortification were under way in the Philippines, Indonesia, Thailand, and Vietnam. Thailand has approved a law for the mandatory fortification of sweetened condensed milk, infant formula, and breastmilk substitutes with vitamin A [17] . A program for development of flour fortification of pan de vida (bread) has been adopted in the Philippines [18] . Indonesia has voluntary fortification of noodles and margarine, and in the Philippines, in addition to flour, many other food products fortified with vitamin A are available (e.g., Minola Margarine and cooking oil, Tang juice drink, UCARE milk, Ovaltine, and infant cereal) [18] . Bangladesh, Cambodia, China, India, Laos, Myanmar, and South Africa did not report fortifying any food products with vitamin A, although Cambodia was exploring possible vehicles for vitamin A fortification. In Laos, sugar was initially identified as a potentially suitable vehicle for fortification; however, upon research, it was recognized that only 35% of those women with night-blindness consumed sugar regularly, and therefore no efforts to promote the fortification of sugar in Laos were pursued. Although appropriate vehicles for vitamin A products had already been identified in South Africa, implementation had not yet occurred due to administrative difficulties [6] . In Sri Lanka, Thriposha, a mixed food product fortified with small amounts of vitamin A, was provided to women and children as part of the national nutrition program. Other than this nutrition supplement package, there were no vitamin A-fortification activities in Sri Lanka.
Evolution of programs
Beyond program adoption, institutionalization of vitamin A programs at the national level has relied on international agencies working closely with departments of health, various national ministries, and in some countries (e.g., Vietnam) also with large organizations such as the Women's Union and Education sectors. Provision and distribution of vitamin A capsules required coordination from the national to the local levels and the involvement of local, national, and international institutions.
Initially the mechanism identified for distribution of the vitamin A capsules tended to be through the existing primary health centers. In the case of Bangladesh, India, Indonesia, and Vietnam, all of which initiated vitamin A-supplementation programs relatively early (prior to the 1990s), distribution usually occurred through hospitals and health clinics or door-to-door by community health workers.
By the mid-1990s, most countries implementing door-to-door distribution began to move to a more centralized distribution system usually linked to or integrated with other existing programs. National immunization days (NIDs) became recognized as a potentially useful mechanism for wide-scale distribution of vitamin A capsules and were adopted as a distribution system by most countries that had previously used other door-to-door methods. Rather than distributing vitamin A capsules throughout a designated month-long period, as in the case of Bangladesh, distribution began to be concentrated on a fixed day-or week-long campaign-based program.
Those countries that had not implemented a national vitamin A program prior to the mid-1990s typically initiated a supplementation program with national immunization days identified as the system for capsule distribution. Myanmar scaled up from targeting high-risk and high-prevalence areas to blanket distribution eventually integrated with national immunization days, and Cambodia conducted trial integrations of vitamin A capsule distribution with national immunization days before fully integrating the program into national immunization days [19] . Laos and the Philippines, however, upon adoption of a universal supplementation policy, immediately used large-scale campaigns with national immunization days as the mechanism for distribution and the venue for nutrition education and information.
Policies for supplementation to mothers postpartum were typically decided on much later than those for universal supplementation to children. In the case of maternal supplementation, most countries adopted a policy and implemented a wide-scale program without documentation of the extent of the problem. Again, across countries, few country-specific efficacy trials were conducted. Bangladesh and Indonesia are the only project countries for which countryspecific efficacy trials to assess the potential impact of postpartum supplementation could be identified [7] . One of the first such trials was conducted by Roy et al. [20] in Bangladesh. The study provided 200,000 IU to Bangladeshi women within 24 hours after delivery and showed vitamin A capsule supplementation to have significant impact among lactating women, but the effect appeared to be transient, with most of the impact waning after one to three months following supplementation. Later, Stoltzfus et al. [21] provided lactating women in Indonesia with a vitamin A dose having 100,000 more IU than was provided to women in the Bangladesh study. The results showed significant improvements in both maternal and infant vitamin A status at follow-up, paving the way for widespread application of postpartum supplementation.
Iodine

Steps leading to decisions on programs
All countries studied here currently have programs for salt iodization, although the degree to which these pro-grams are governed by legislation varies across countries. Although most project countries have legislation for iodized salt, India and Cambodia do not. India formerly had a nationwide law for salt iodization, but the legislation was subsequently rescinded, and decisions for adoption and enforcement of laws governing salt iodization are now at the discretion of individual states. The Cambodia National Council of Nutrition adopted a policy statement for iodized salt, but this had not been formally signed; the country therefore lacked legislation for salt iodization.
Of the project countries, Myanmar provides an example of what may have been the typical process for adoption of a national iodized salt program. The steps to program initiation in Myanmar consisted mainly of the following steps (box 1). The strong message from stressing the role of iodine in preventing cretinism, and its effect on mental ability more generally, has proved effective, for instance in Thailand, in generating support for program initiation. A summary of the processes of program initiation by country can be found in tables 1 and 6.
National survey
Similar to the control of vitamin A deficiency, national documentation of the extent of iodine deficiency served as an important milestone in mobilizing organizations, ministries, and the government to address the problem of iodine deficiency in the countries. Across most project countries, a national goiter survey was conducted, and later (sometimes after five years or so), a decree for mandatory iodized salt was signed. Survey data available for clinical and biochemical indicators of iodine deficiency [22] have been compiled in tables 7 and 8.
Once the extent of the problem in the country was documented, the potential consequences of iodine deficiency were usually drawn from international data. Knowledge of important long-term effects of iodine deficiency, such as impaired motor and cognitive development and mental retardation, helped to motivate action for the control of iodine deficiency.
Establishment of national subcommittee
In many countries, national committees or subcommittees were established to create an administrative body for efforts to control iodine deficiency nationally. The committees have typically been composed of leading groups from the central government, interministerial representatives, and influential local counterparts. In many cases, the committee was given responsibility for exploring provisional ways to control iodine deficiency [23] . The committee often helped to steer nutritionrelated policies and to establish the national program for iodine-deficiency disorder control. As iodized salt became identified as a feasible and efficacious means for controlling iodine deficiency, the national committees worked to involve private companies in the process of developing a national program (as much as possible from the beginning of program establishment), instilling a sense of ownership, pride, and responsibility among them for their efforts in helping to improve the health status of the country's population.
Establishment of subnational committees at country localities
In some project countries, subnational committees were established at country localities. The establishment of subnational committees allowed every state or division and township to be included in the national effort to control iodine deficiency. Myanmar, for example, requested the involvement of local governments from the time of the program's inception, thus allowing for the iodine-deficiency program to devolve to local levels with an organized body to oversee the implementation of and advocacy for the program at a decentralized level. In the Philippines, efforts were made to incorporate iodized salt activities into the plans of the local government units. It was anticipated that local resolutions for the use of iodized salt would be adopted. (villages) had so far passed local resolutions [24] .
National workshops and mobilization meetings
National workshops often provided a mechanism for a collaborative meeting involving government members, steering committees, national subcommittee members, subnational committee members, and representatives from the private sector. Across countries, the workshops were organized for different purposes. Sometimes they were used to increase awareness of iodine-deficiency disorders and to promote provisional methods for their prevention and treatment (e.g., with iodized salt). At other times, the workshops served as a mobilization meeting in which the national policy on iodized salt was finalized (China) or by which the national program was prepared for official launching (Myanmar).
External assistance
Across countries, the support of international organizations (particularly UNICEF) was almost universal and was thus important for the initiation of national iodized salt programs. In most cases, UNICEF worked with the private sector and provided both the machinery and the potassium iodate necessary for salt fortification. In addition, UNICEF provided mixers and fortificants to small-scale salt producers and supplied replacement parts for broken machinery.
Iodine-deficiency disorder control strategy incorporated in national plan of action
Including iodine-deficiency disorder control strategies in the national plans of action provided a long- term commitment to controlling iodine-deficiency disorders, and signified that control of iodine-deficiency disorders was recognized as a health priority for the country. Although the timing of the incorporation of iodine-deficiency disorder control strategies into the national health plan varies across countries-some project countries have incorporated iodine-deficiency disorders in the national health plan prior to the signing of a decree for iodized salt (Philippines and Laos), whereas other countries (e.g., Myanmar) have initiated a universal salt iodization (USI) program and later incorporated iodine-deficiency disorders into the health plan-the eventual integration of the control strategy into the health plan is symbolically important; not only does it represent a clear commitment to an iodized salt initiative, but integration into a national plan of action makes enforcement of supporting legislation, continued financial assistance, and sustainability of the program more likely.
Signing of decree
A signed decree represents legislation mandating that salt for human consumption be iodized. A signed decree therefore motivates a strong program initiation and provides legal enforcement for iodized salt activities. All project countries except Cambodia and India have enacted a signed decree marking the formal initiation of national legislation for salt iodization.
Strategic approaches
Myanmar, Thailand, Laos, and China implemented iodized salt as a pilot program before initiation of a national iodized salt intervention. In the case of Myanmar, iodized salt efforts were initiated relatively early. Following a goiter survey in three areas of the country, a pilot control program was launched in 1969, with the assistance of UNICEF. An assessment of the program was carried out in 1972. The results showed that goiter rates fell from 90% in 1969 to 25% in 1972. Although the pilot program was found to be efficacious, the government soon afterwards deregulated salt, thereby making noniodized salt available in the markets. Goiter rates subsequently increased in the pilot areas. Alternative short-term approaches for the control of iodine deficiency were implemented in the country later (1982-86). More than 25 years after the first efforts for salt iodization in the country, the government reestablished iodized salt as a priority initiative. In 1997, Myanmar adopted a policy for universal salt iodization; one year later, the decree for iodized salt was signed.* The case of Thailand is similar, with high goiter rates in the 1950s in those areas of the country for which data are available. Pilot studies of the use of iodized salt began in 1965, and in 1968 the project was expanded into a countrywide program. However, as in the case of Myanmar, government support for the program diminished in the early to mid-1970s. Efforts for a well-controlled salt iodization program were not undertaken again until 1989 with the National IDD (Iodine-Deficiency Disorders) Control Project. Legislation to provide for mandatory iodization was adopted in 1994, and an action plan for the control of iodine deficiency implemented as a result.
More often (compared to Thailand and Myanmar) short-term strategies were implemented prior to initiation of an iodized salt program. From the mid-1970s to the early 1990s, iodized oil capsules or lipiodol injections were common programmatic approaches. Typical target groups included infants, school-aged children, or women of childbearing age in iodine-deficient areas. Indonesia, for example, provided lipiodol injections to school-aged children and newly married women in highly endemic areas in the years 1974-86. The decree for salt iodization was adopted by the Ministry of Health, the Ministry of Industry and Trade, and the Ministry of Home Affairs in 1986 [25] .
By the early 1990s, most of the project countries were beginning to opt for iodized salt as a longterm approach to controlling iodine deficiency. In the meantime, some countries have continued to use iodine supplementation as a complementary strategy to reach vulnerable groups, usually targeting women of childbearing age or school-aged children. In the Philippines, the week-long campaigns used for immunization and vitamin A supplementation were also used to provide iodine capsules to women of childbearing age in the years 1993-95. Indonesia continued to provide iodized oil capsules to women of childbearing age and School-aged children, while also implementing a national iodized salt program. Other countries providing iodized oil capsules at some time include Bangladesh, Cambodia, China, Laos, Myanmar, Sri Lanka, and Thailand. A more detailed list of the strategic approaches adopted for the control of iodine deficiency according to country is given in table 9.
Evolution of programs
Currently all project countries use a national salt iodization program as their main method for addressing iodine deficiency. At the same time, many countries have explored intervention strategies to complement iodized salt programs. The use of iodinated water, for example, has recently been studied in pilot projects in some countries. China conducted several studies to explore the efficacy of iodized water. Cambodia, Myanmar, and Thailand have also made targeted efforts for iodinated water. In 1997, Cambodia installed iodine containers in wells in two provinces. In Myanmar, small-scale efforts were made to control iodine-deficiency disorder among school-aged children by using iodinated drinking water. In Thailand, iodinated water was being targeted to all primary schools and households in 39 provinces (covering 50% of the total population), and iodized oil capsules were provided to pregnant women and women of childbearing age as well as to school-aged children in areas where the prevalence of iodine-deficiency disorders is above 20%. Data on the effectiveness of these interventions are not available.
Additional fortification vehicles for the control of iodine deficiency were being explored in some countries. Cambodia, for example, is considering fortifying additional food products with iodine. Other countries are exploring the possibility of fortifying food products with multiple micronutrients. India was evaluating a double-fortified (iodine and iron) salt product (Vijayraghavan, personal communication, 2001), and Indonesia has recently studied the potential impact of providing a multimicronutrient (iodine included) biscuit to pregnant women. In Thailand, a triple-fortified (iodine, vitamin A, and iron) noodle is available in the market, and a double-fortified (iodine and iron) fish sauce is ready for the market [26] .
Iron
Steps leading to decisions on programs
Efforts to address anemia have not been launched with the same level of intensity as those for the control of vitamin A and iodine deficiency. Across countries, iron programs tend to be less well developed. As an additional result, comparably fewer data on iron programs have been reported by project countries. The steps leading to initiation of iron-deficiency control programs are therefore less clear than for other micronutrient-deficiency control programs. The available data and a corresponding timeline for program adoption have been compiled in tables 1 and 10.
National survey
Despite recognition of the problem of anemia worldwide, not all countries have yet collected national data on anemia among all high-risk groups. Although most countries have survey data on the prevalence of anemia among pregnant women (table 11) and young children, in general there tends to be a lack of national surveys documenting the prevalence of anemia among other at-risk groups, such as lactating women and the elderly. Moreover, few country-specific studies have examined the causes of anemia among high-prevalence groups and in high-prevalence areas. Programs to address iron deficiency most often target the prevention and treatment of anemia among pregnant women. All countries that have conducted surveys among pregnant women have found high prevalence rates of anemia, generally higher than 40%. All countries with survey data were implementing national programs for iron supplementation to pregnant women. No national survey data on the prevalence of anemia among pregnant women could be identified for Laos, where a program for the control of iron-deficiency anemia among pregnant women has been adopted, despite the lack of survey data for the target group.
Incorporation in national nutrition plan
Some project countries with programs for the control of iron-deficiency anemia have incorporated programmatic approaches and goals related to the control of iron-deficiency anemia into a national plan of action for nutrition. The plan of action has often been established in collaboration with international agencies such as the Food and Agriculture Organization, the World Health Organization (WHO), and UNICEF, and it is sometimes coupled with a government decree to formalize the goal and further mobilize efforts for its achievement.
Plan of action for implementation
In some countries, a plan of action for implementation has followed the national plan of action. In Laos, for example, a goal of reduction of the prevalence of anemia in pregnant women to less than 10% by the year 2002 was established in collaboration with WHO and UNICEF and was stated in the National Plan of Action for Nutrition [16] . The Plan of Action for Nutrition (along with the stated goal for anemia reduction) was adopted by government decree in January 1996, and a Plan of Action for Implementation developed in November 1997 then followed [16] .
External assistance
Initiation of an iron-supplementation program has almost always been dependent on external assistance. Iron tablets are supplied to countries by UNICEF and are usually at least partially (if not fully) funded by UNICEF offices. Bangladesh and Thailand have each established an independent system for procurement of iron tablets.
Strategic approaches
Strategic approaches to control iron deficiency generally revolve around supplementation distributed through antenatal-care centers, but are often complemented with IEC activities or, less commonly, fortification efforts (table 12) . Most often the national program provides iron tablets for pregnant women from first presentation Initiation of successful micronutrient programs at the antenatal center to the end of pregnancy or, in some cases, up to six months after delivery. Iron/folate tablets (usually 60 mg of iron and 250 μg of folate) are usually provided, although there is some variance in tablet composition and dosing schedule across countries. Indonesia, for example, provides pregnant women with a tablet containing iron, sugar, folic acid, and vitamin C. Although most countries recommend that women take one tablet daily for the duration of pregnancy, Bangladesh and Myanmar recommend that the pill be taken twice daily. Myanmar is the only country for which the recommended dosing schedule does not cover the entire duration of pregnancy; the national policy instead recommends supplementation only during the third trimester of pregnancy. Problems with iron-supplementation programs include poor absorption of iron tablets due to dietary factors and lack of compliance with the daily supplementation regime. Side effects reported include black stools and nausea. In response to reported low tablet compliance, a strategy for weekly rather than daily iron tablets has been explored. Trials have been conducted in project countries such as Bangladesh [27] and Indonesia [28] . Beaton and McCabe [29] recently conducted a meta-analysis of studies comparing the efficacy of weekly and daily iron supplementation to pregnant women. The meta-analysis was interpreted as showing that weekly supplementation was less efficacious than daily supplementation. No project country had yet adopted weekly supplementation in lieu of recommending daily supplementation to pregnant women.
Complementary approaches for the control of anemia include deworming activities and malaria control in endemic areas. The extent to which complementary strategies are implemented varies across countries. For example, in Vietnam, deworming of nonpregnant women and children is initiated annually during a national deworming campaign [4] , whereas in Sri Lanka, deworming is initiated among women after the first trimester of pregnancy [5] . In Sri Lanka, malaria chemoprophylaxis is part of national health sector interventions and is targeted to women after the first trimester of pregnancy. In Vietnam, there has not yet been any study exploring the role of malaria in anemia. As a result, the contribution of malaria to the prevalence of anemia among pregnant women is not known. Although a high incidence of falciparum malaria is known to exist in certain areas of the country, malaria chemoprophylaxis has not yet been included as part of the iron-deficiency control program in Vietnam [4] .
IEC activities are also a priority approach for many countries. Community nutrition education is often provided, focusing on promoting anemia awareness and dietary diversification. Community education in some countries also includes sessions during which techniques are shared for increasing the bioavailability of iron through food preparation. Among countries, it is most common for health and anemia education to be provided at the community level by village health workers. In certain countries, the private sector also has a role in the promotion of health education and anemia awareness. In Myanmar, for example, the private sector has the responsibility for educating the public about the importance of consuming iron-rich foods and for providing information on home gardening strategies, proper birth spacing, and family planning.
Iron supplementation is not recognized as a strategy that can alone sufficiently reduce the prevalence of anemia. The strategy is seen as difficult to implement effectively and with wide coverage. Food-fortification technology is a promising alternative strategy, with better long-term prospects, and is being explored in many countries. However, identifying suitable vehicles for iron fortification has proved difficult for most countries. In Bangladesh, for example, fortification of wheat flour appears technologically feasible as well as cost-effective. Unfortunately, wheat flour is not the most commonly consumed item among the most vulnerable target group in the country. Instead, food items such as common salt, rice, and potatoes are regularly consumed. Although these food products are logistically more difficult to fortify, they may, in fact, be the most effective food products to consider for iron fortification in Bangladesh.
Indonesia is the only project country that has legislation for mandatory fortification of a food product with iron. In 1998, fortification of wheat flour became mandatory in Indonesia [25] . A ministerial health decree mandates that all wheat flour in Indonesia now be fortified with iron, zinc, thiamine, riboflavin, and folate. Voluntary fortification of food products with iron is more common, though still only found in a few countries. Indonesia has voluntary fortification of noodles, and Thailand has developed both double-fortified fish sauce (iodine and iron) and a triple-fortified (vitamin A, iron, and iodine) instant noodle food product [17] .
Sri Lanka, Vietnam, India, and China have also explored the possibility of fortifying food products with iron. In 1997, Sri Lanka conducted a study in six estate areas to assess the potential impact of fortifying wheat flour with iron. The study collected data on flour availability and distribution, food prices, food consumption, school attendance, and morbidity patterns, and obtained blood samples. No program for fortification of wheat flour was later pursued. In Vietnam a pilot study examined the efficacy of a NaFeEDTAfortified fish sauce. India was testing the effectiveness of a double-fortified (iron and iodine) salt product. In 2000-02, China was conducting an intervention study to explore the potential to use NaFeEDTA-fortified soy sauce as a national strategy for the control of iron-defi-ciency anemia, which showed beneficial effects.
Evolution of programs
Although iron supplementation in most countries is focused on pregnant women, some countries are beginning to initiate iron programs directed to other population groups. Anemia is recognized as a public health problem affecting all demographic groups, and as a result, more countries are beginning to collect anemia data for nonpregnant women, preschool children, infants, men, and the elderly.
Almost all project countries have national data on anemia prevalence among nonpregnant women (not shown here). Among these, five countries were implementing programs or testing ironsupplementation interventions for nonpregnant women. Indonesia has established a program to distribute iron tablets to women workers and brides-to-be, and Thailand provides weekly iron supplementation to women of childbearing age in the workplace [17, 25] . Some countries (e.g., Vietnam) are testing iron supplementation to nonpregnant women. Cambodia has recently initiated a pilot study of iron supplementation to women factory workers and school-aged children of childbearing age.
In the last decade, every project country except India and Sri Lanka has collected data documenting the prevalence of anemia in infants or young children. The surveys indicate alarmingly high prevalence rates across countries, yet only Thailand and Indonesia have national programs directed to this target group. Thailand provides weekly iron supplementation to school-aged children, and Indonesia provides iron syrup to undernourished children. Although Vietnam has implemented weekly supplementation programs to infants, young children, adolescents, and nonpregnant women, all of these interventions were small-scale pilot projects implemented in select areas. Although South Africa has established a policy of high-dose supplementation to children aged 6 to 24 months, no program had yet been implemented.
Similarly, few interventions targeting lactating women have yet been implemented. Bangladesh, Laos, Thailand, and Vietnam are the only countries with policies providing for iron supplementation to pregnant women beyond delivery. Across these three countries, the policy varies from provision of iron tablets for one month to six months following delivery.
Four project countries (Laos, Thailand, the Philippines, and Vietnam) have anemia data for men. Although the rates for men are much lower than those for other population groups, anemia is still shown to be prevalent among this population (a prevalence of around 10% to 20% has been documented across the countries). No strategies for the control of irondeficiency anemia in any project country have yet been specifically targeted to men.
The prevalence of anemia among the elderly is even less well documented. Only three project countries (Indonesia, Laos, and the Philippines) had data on the prevalence of anemia among the elderly. All data show prevalence rates above 30%, yet no national programs are targeted to this age group.
Summary of lessons learned on micronutrient-deficiency control program initiation and associated recommendations
The key steps taken in the initiation of national micronutrient-deficiency control programs are similar across study countries ( fig. 1 ). For the establishment of national vitamin A-supplementation programs, these key steps have included: » national surveys documenting the extent of vitamin A deficiency in the country; » national workshops and advocacy meetings on vitamin A deficiency; » establishment of national technical and intersectoral committees for the control of vitamin A deficiency; » securing of assistance from bilateral and international agencies to support the program. For the initiation of salt iodization programs for iodinedeficiency control, the key steps have included: » national surveys to document the prevalence of iodine-deficiency disorders in the country; » establishment of one or more national subcommittees to oversee national control efforts; » conduct of national workshops or advocacy/ mobilization meetings; » securing of international assistance; » integration of the iodine-deficiency disorders control strategy into the national plan of action for nutrition; » signing of a degree mandating that salt for human consumption be iodized. For the initiation of iron tablet distribution programs, the key steps were similar: » conduct of a national survey documenting the problem to be addressed; » incorporation of iron-deficiency control into the national plan of action for nutrition; » development of a plan of action for program implementation; » securing of external assistance.
These steps worked well in initiating programs and are generally recommended for establishing new programs and strengthening others. One constraint (here as in other phases) has been lack of monitoring information as programs take off, which could receive more attention in the future. Specifically for iron, more effective approaches (e.g., fortification of staple foods) need research and development. Some important FIG 1. Stages in the initiation of national micronutrient-deficiency control programs [3] . Data updated to July 2003, based upon available information. Key: + applies to one deficiency, ++ to two, +++ to all three, and -to none reported.
modifications of program design (e.g., more frequent distribution of vitamin A capsules, possible targeting to most deficient populations) may need to be incorporated as more results become available. The most commonly undertaken step in initiation was a national micronutrient survey. Many (8 of 12) countries undertook a national vitamin A deficiency survey for children, although few data are available documenting the prevalence in women postpartum. In the earlier surveys, data on night-blindness were most commonly collected. Since the later 1990s, measurements of serum retinol have been collected as well (e.g., Bangladesh, Laos, South Africa, and Sri Lanka). Almost all countries undertook a national iodine-deficiency disorders survey, consisting in most cases of determination of the total goiter rate. National surveys of iron-deficiency anemia were the least common. Only three have been documented (China, Myanmar, and Thailand); national data collection has focused mainly on pregnant women, and recently there has been an increased focus on children. A focus on other at-risk groups, such as the elderly, would be useful in the future.
More systematic surveying is recommended to improve the information basis for program initiation and design. For example, better methods for estimating the prevalences of vitamin A deficiency and anemia (with representative sampling of wider age groups) would contribute information and should be developed and applied.
External assistance was widely sought by study countries. International support for the control of iodinedeficiency disorders (in most cases, for salt iodization) was documented in most study countries. UNICEF played a central role in funding iodization activities, funding that was critical for capital and equipment purchase and maintenance as well as for the purchase of fortificant. At least six of the study countries have documented external support for vitamin A capsule and iron tablet distribution programs. Institutions providing support to vitamin A-supplementation programs include the Canadian International Development Agency, Helen Keller International, and UNICEF, which provided both financial support and technical assistance. Iron tablet distribution programs often suffer from failures of supply, purchase, and manage-ment, despite considerable support from UNICEF.
Donors are recommended to continue support to programs, including support to build the capacity for program design and advocacy, until they are demonstrably self-sustaining.
National workshops have served as an important mechanism to raise awareness, mobilize expertise, and promote policy and program development for national micronutrient-deficiency control programs. National workshops have often benefited from recently undertaken population-representative micronutrientdeficiency surveys, which have facilitated advocacy among governmental and nongovernmental stakeholders. Clinical research conducted in the 1990s that estimated the impact of micronutrient deficiencies on human growth and development and on child survival [30] provided an impetus to translate survey data into action. National workshops also provided the foundation for the establishment of national committees and subcommittees to guide government response. Committees were charged with the development of program and policy guidelines, as well as plans of action for institutionalization and implementation of those guidelines. For vitamin A-deficiency control programs, committees identified mechanisms for service delivery, a process that resulted in large-scale campaign-model programs (e.g., national immunization days) combined with routine facilitybased distribution for target groups. The committees also oversaw an increased focus on postpartum women in addition to children as focal groups. In terms of iodine-deficiency disorder control programs, the committees typically contained interministerial representatives, private industry representatives, and other stakeholders to form the broad-based coalition required for successful fortification. In addition, the committee provided a forum in which national decrees and legislation could be formulated to require salt iodization. Finally, for iron, national workshops and committees were less commonly seen. Yet, the principal stakeholders incorporated national iron-deficiency control strategies into national plans of action for nutrition in at least eight countries, indicating the institutionalization of program strategies.
